Thin films of immiscible polymer blends will undergo phase separation into large domains, but this behavior can be suppressed with additives that accumulate and adhere at the polymer/polymer interface. Herein, we describe the phase behavior of polystyrene/poly(methyl methacrylate) (PS/PMMA) blends with 20 vol% of a bottlebrush additive, where the bottlebrush has poly(styrene-rmethyl methacrylate) side chains with 61 mol% styrene. All blends are cast into films and thermally annealed above the glass transition temperature. The phase-separated structures are measured as a function of time with atomic force microscopy and optical microscopy. We demonstrate that subtle changes in bottlebrush architecture and homopolymer chain lengths can have a large impact on phase behavior, domain coarsening, and domain continuity. The bottlebrush additives are miscible with PS under a broad range of conditions, but are only miscible with PMMA when the bottlebrush backbone is short, or when the PMMA chains are similar in length to the bottlebrush side chains. In all other cases, the limited bottlebrush/PMMA miscibility drives the formation of a bottlebrush-rich interphase that encapsulates the PMMA-rich domains, stabilizing the blend against further coarsening at elevated temperatures. The encapsulated domains are aggregated in short chains or larger networks, depending on the blend composition. Interestingly, the network structures can provide continuity in the minor phases.
INTRODUCTION
can be achieved with proper blend formulation and additive design, including discrete domains 10 or continuous networks with sub-micron length scales 17 .
11
Many polymeric compatiblizers are synthesized from monomers that match the blend 12 constituents. If the blend is comprised of immiscible A and B homopolymers, then copolymers 13 with random or blocky AB sequences can be effective compatibilizers. The copolymer 14 architecture is an important parameter that impacts the surface activity, interfacial strength, and 15 kinetics of structure formation. Long copolymers can form multiple loops between the two 16 phases, which is advantageous for adhesion at the phase boundary 11, 18 , and they produce a larger 17 reduction in the interfacial tension 8 . Increasing the "blockiness" in a copolymer favors 18 surfactant-like behavior, meaning the additive forms a monolayer at the polymer/polymer 19 interface, while a more random monomer sequence can drive the formation of an interfacial 20 wetting layer 10, 18 . Finally, molecular geometry also impacts the interfacial tension: for example, 21 long comb copolymers with many grafted side-chains are more effective compatibilizers than 22 short linear block polymers 8 . 23 Nanoparticle compatibilizers are often coated with polymer brushes that match the were recorded for 60 seconds at 6.25 frames per second from three different areas of the sample.
116
The measurements were then plotted out against a logarithmic time scale, and the equilibrium 117 angle was determined from the observed plateau.
118
Sample Preparation. interphase.
230
The composition of each phase was estimated through image analysis and mass balances. The time evolution of the PS1/PMMA1/RCBB1 microstructure is illustrated in Figure 2 295 for two blend compositions, with the corresponding OM data in Figure S7 . The microstructure 296 quickly develops, but there is exchange of material between the three phases at short times. In As previously discussed, the formation of an encapsulation layer in PS1/PMMA1/RCBB1 324 blends might be attributed to an entropy-controlled de-mixing of PMMA1 and RCBB1. To test 325 this point, we prepared ternary blends using PS1/PMMA2/RCBB1. PMMA2 is a slightly lower 326 molecular weight than PMMA1, and may therefore be a better "solvent" for the RCBB 327 additive. 26, 27 If the RCBB1 additive is evenly partitioned between the two phases, then we expect the PS domains. In Figure 8a , we report the size distribution of PMMA domains with the 417 interphase encapsulation layer because it was difficult to identify the individual PMMA domains.
418
In Figure 8b , we report the size distribution of PS domains because the encapsulated PMMA 419 domains formed a continuous matrix. 
